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Objective: To evaluate the presence of bacteria in  samples from patients suffering from 'aseptic' meningitis following 
craniotomy. 
Methods: Prospective study in which cerebrospinal fluid (CSF) from patients suffering from post-craniotomy meningitis 
and negative control patients were submitted to  conventional culture and to  polymerase chain reaction (PCR) using 
bacterial 16s rRNA universal primers, followed in  some cases by DNA sequencing of the PCR product and phylogenetic 
analysis. 
Results: CSF from patients with either culture-positive or culture-negative meningitis yielded positive amplifications, 
whereas no amplification was obtained with CSF from control patients. All positive signals were confirmed by Southern 
hybridization with a prokaryote 16s RNA-specific probe. Six PCR products, of which three were collected from later cases 
of culture-negative meningitis, were cloned and sequenced. Sequence analysis suggested affinities with Pseudomonas 
in three cases, with Escherichia in  two cases and with Rhodococcus in one case. 
Conclusions: Many cases of culture-negative (aseptic) meningitis are probably bacterial meningitis and justify 
antibiotic treatment. The bacteria responsible for these cases of culture-negative meningitis might have peculiar growth 
requirements in vitro. 
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I NTRODU CTI 0 N 
Meningitis is an infrequent but serious complication of 
craniotomy procedures, affecting some 1.5-4% of 
patients [I ,2]. Bacteria, most often Gram-negative 
bacilli or staphylococci, can sometimes be cultured 
from the cerebrospinal fluid (CSF). However, 54-70% 
of cases give no bacterial growth on conventional 
culture and are referred to as 'aseptic meningitis' [1-41. 
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Symptoms of meningitis usually appear within 7 days 
of surgery [ 3 ] ,  and consist of peaking fever, stiff neck 
and headache, though the onset may occasionally be 
insidious [3,4], and clinical and laboratory observations 
do not differentiate between the culture-positive and 
culture-negative forms [2,4,5]. In both cases the CSF 
shows an elevated leukocyte count with an erythro- 
cyte/leukocyte ratio <200 and a predominance of 
polyniorphonuclear cells. The albumin concentration 
is raised in the CSF, and hypoglycorachia leads to 
glucose levels < 40% of blood values. 
It  has been claimed that some cases of aseptic 
meningitis are due to a postoperative inflammatory 
reaction and may be treated with large doses of cortico- 
steroids [4], but the prevailing attitude is to give an 
empirical conibination of antibiotics against a possible 
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undetected bacterial cause. In the present study we 
attempt to evaluate the presence of bacterial genetic 
material in a series of CSF samples from cases of 
culture-positive and culture-negative post-craniotoniy 
meningitis as well as in control specimens from patients 
without any signs of meningitis, by P C R  amplification 
using primers from highly conserved regions of 
eubacterial ribosomal DNA. 
MATERIALS AND METHODS 
Collection of CSF 
CSF was collected from 24 patients suffering from post- 
craniotoiny meningitis and from 30 patients who also 
underwent craniotoniy with no symptom of meningitis 
between January 1992 and August 1993 in the post- 
operative intensive care unit of the Pierre Wertheinier 
neurologic hospital (Lyon, France). Patients received 
prophylactic antibiotic treatment with intravenous 
cefuroxiine at the time of surgery, but no further 
antibiotics thereafter. Meningitis was defined clinically 
[6] with a CSF leukocyte count of > 100 giga/L, an 
erythrocytc/leukocyte ratio of < 200 and the absence 
of other systemic or focal infections (e.g. sinusitis, 
pneumonia or CSF shunt infection). CSF specimens 
were directly collected under sterile conditions from 
the lumbar tap into gamma-ray-sterilized sample tubes 
which were immediately frozen at -80°C and stored. 
Samples fi-om three further patients with culture- 
negative meningitis were similarly collected at a later 
date for confirmation of the initial results. 
Conventional bacterial culture 
Samples of the CSF were Gram-stained and examined 
directly. Each CSF sample (100 pL) was streaked onto 
chocolate agar plates with Polyvitex enrichment 
mixture (bioM&rieux, Marcy l'Etoile, France) which 
were incubated at 37°C in 5% C02, and onto 
trypticase soy agar plates containing 5% sheep blood 
(bioM6rieux) which were incubated at 37OC in air. 
Brain-heart broth supplemented with 10% (v/v) red 
blood cell extract (Sanofi Diagnostics Pasteur, Marnes 
la Coquette, France) and 10%) (v/v) filtered equine 
serum (Sanofi Iliagnostics Pasteur) and Schaedler broth 
supplemented with 0.5 mg/mL vitamin KJ were 
inoculated with 100 pL of CSF and incubated at 37 O C .  
DNA extraction and PCR 
CSF samples (250 pL) were diluted with 750 pL of 
sterile distilled water and centrifuged at 13,000 g for 10 
min. The pellet was resuspended in 20 pL of sterile 
distilled water and treated with 0.5 pL of a 10 mg/niL 
solution of lysozynie (Sigma, St Quentin Fallavier, 
France) and 0.5 pL of a 10 nig/mL solution of 
lysostaphin (AMBI, New York, USA) a t  37OC for 30 
niiii. After addition of 4 pL of proteinase K (1 nig/inL) 
(Sigma), the suspension was incubated at 55OC for 30 
niin and then for 5 min at 95 "C. For PCK, 10 pL of 
the mixture was mixed in the buffer supplied by the 
manufacturer (Eurobio, Les Ulys, France) with 5 inM 
MgC12, 0.2 nA4 dNTP, 0.2 pg of each primer and 
2.5 Units of Taq polymerase (Eurobio). Universal 
eubacterial primers were selected to recognize highly 
conserved regions of IhS  rRNA using a eubacterial 
database of aligned small-subunit (SSU, commonly 
designated 16s) rRNA sequences and computer 
programs specifically designed for that purpose 171. 
These are: A (5'-AGAGTTTGATCATGGCTCAGA- 
3'; positions 8-28 of Esrheviclzia coli 16s rRNA 
sequence) and S15 (5'-CGGTGTGTACAAGGCCC- 
3'; positions 1384-1400 ofE. coli 16s rRNA sequence). 
For each sample, two amplification reactions were 
performed, one with 20 cycles and the other with 25 
cycles (30s denaturation at  95°C; 3 0 s  annealing at 
55°C; 120s extension at 72"C), followed by an 
additional extension step at 72OC for 5 min. A positive 
control (DNA extracted from known bacteria), a 
negative control (sterile distilled water) and several 
negative samples (CSF from asymptomatic patient?) 
were included in each PCR batch. 
PCR product detection 
The amplification products (1.4 kb) were detected by 
agarose gel electrophoresis followed by ethidiuin 
bromide staining. Southern blot hybridization of the 
amplification products was then carried out with a 
eubacterial-specific probe PI 1E (5'-GAGGAAGG- 
TGGGGATGACG-3') [8,9]. After 4 h at 45°C in  
hybridization solution (5 X SSC, 20 niM Nap04 pH 
7.2, 7% sodium dodecylsulfate (SDS), 10 X Denhardt's 
solution [9], and 10 pniol of [y-32P]dATP end-labeled 
probe), the gels were washed under stringent con- 
ditions (56°C in 2 X SSC, 0.1% SDS), dried and 
visualized by autoradiography. 
PCR product sequencing 
The amplification products were removed from agarose 
gels using the Gene Clean I1 kit (Bio 101, La Jolla, CA, 
USA) and cloned into E.  coli with the TA cloning kit 
(Invitrogen, San Diego, CA, USA). DNA sequencing 
with the sequenase kit (USB, Cleveland, USA) was 
by the dideoxynucleotide method of Sanger et a1 [9] 
on double-stranded DNA template using primers 
described previously [7]. Sequence alignment and 
phylogenetic analysis were performed using methods 
and progranis developed by K.C. and described else- 
where [7].  
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Table 1 Clinical and biological characteristics of patients with postoperative meningitis and from control patients 
Patients with meningitis 
Control patients 
Culture-positive CSF Culture-negative CSF Culture-negative CSF 
n = 7  n = 20 (17+3)” n = 30 
Age (year) 47 c 15 46 k 17 4 2 k 1 5  
Diagnosir Tumor (4) Tumor (10) Tumor (16) 
Surgery length (hours) 6 c 2  6.5 + 2  NA 
Delay between surgery and 
CSF collection (days) 6 2 2  5 2 2  5 ? 2  
CSF glucose (mmol/L) 1.3 + 1.1 2.6 +- 1.8 3.1 k 2.3 
CSF glucose/CSF blood 0.29 Ifr 0.1 1 0.32 20 .12  0.5420.11 
CSF protein (g/L) 3.9 rC_ 2.7 3.5 + 2.5 1.5 C-3 
Leukocyte count (cells/min3) 
Mean 1835 1254 23 
Extreme values 175 and 4714 155 and 5240 1 and 28@ 
Recovery/death 512 18/2 NA 
”Scventeen CSF specimens from the prospective study and three CSF specimens from more recent cases of aseptic meningitis. 
bCSFs from control patients with leukocyte count >100/nm3 were hemorrhagic. NA, not available. 
Sex (F/M) 2/5 7/13 10120 
Vascular malformation (3) Vascular malformation (10) Vascular inalformation (14) 
Bacterial growth was obtained within 48 h on at least 
two of the media fi-om seven of the 24 specimens of 
CSF from meningitis patients [Pseudornonas aemginosa 
(3) ,  Acinetobacter baumannii (1), Serratia marcescens (l), 
Staphylococcus aureus (l), Enterococcus jiecalis (l)]. Samples 
from the other 17 cases and from the 30 control patients 
showed no growth after 7 days. All of the culture- 
positive cases, but none of the others, gave a positive 
result on direct Gram-staining. The 17 culture- and 
Gram-negative cases were considered to be aseptic 
meningitis, considering their leukocyte counts (Table 1). 
Attempts to evaluate the cryptic presence of 
bacteria in ‘aseptic meningitis’ samples by P C R  ampli- 
fication of bacterial 16s rRNA were preceded by an 
evaluation of the sensitivity and generality of the 
technique. Control CSFs were spiked with known 
amounts of reference bacteria, and then submitted to 
P C R  amplification using the universal prokaryote 16s 
R N A  primers. Positive amplification was always 
obtained in all tested cases (Escherichia coli, Streptococcus 
pneumoniae, Haemophilus infEuenrae, Listeria monocyto- 
genes, Neisseria meningitidis, Staphylococcus epidermidis, 
Staphylococcus haemolyticus and Staphylococcus aureus) 
whether the sample was hemorrhagic or not. 
Unadulterated CSF, or that to which the same amount 
of human or yeast DNA had been added, never 
produced a PCR signal after 20 or 25 cycles. Samples 
spiked with increasing numbers of E. coli or S. aureus 
(1, 10, lo2, lo3, lo4, lo5, loh, lo7 and lo8 colony- 
forming units (CFU)/mL) established that the presence 
of >lo5 CFU/mL always produced a band after 20 
cycles of amplification, and counts >lo3 CFU/inL 
always gave a positive result after 25 cycles. 
Similar tests were applied to samples from menin- 
gitis cases, and several were entirely consumed in the 
preliminary evaluation. All of the culture-positive 
samples gave a clear signal after 25 cycles of ampli- 
fication (7/7), and 414 for which the sample volume 
was sufficient for the test to be carried out gave visible 
bands after 20 cycles. Ten samples from aseptic menin- 
gitis cases were available in amounts sufficient for 
amplification, and all of them yielded visible bands after 
25, but not 20, cycles (Table 2). All positive bands were 
confirmed by hybridization to a specific probe for 
eubacterial rRNA, while none of the non-meningitis 
Table 2 PCR results using CSF from patients with 
postoperative meningitis and eubacterial 16s rRNA 
universal primers 
Patients with Control 
meningitis patients 
Culture- Culture- Culture- 
positive CSF negative CSF negative CSF 
n = 7  n = 2 0 ( 1 7 + 3 ) ”  n = 3 0  
Positive amplification 
after 20 cycles 4/4 0/13 (1013)  0/30 
Positive amplification 
after 25 cycles 717 13/13 (10+3) 0/30 
a Seventeen CSF specimens from the prospective study and three 
CSF specimens from more recent cases of aseptic meningitis. 
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fully employed in the study of coinniuiiity-acquired 
meningitis [I 01 and in the diagnosis of diseases caused 
by bacteria which will not grow on conventional 
culture [ l l ] .  Using this technique, we have obtained 
positive amplifications froin CSF not only from 
culture-positive samples, but also from every sample 
obtained from postoperative ‘aseptic meningitis’. 
Sequencing of the amplified bands suggested that 
common environmental bacteria may be often involved 
in culture-negative meningitis. 
It is unlikely that contamination of the samples is 
responsible for our results, since a large number of CSF 
samples from postoperative patients without symptoms 
of meningitis have been obtained under identical 
conditions and none produced a positive signal. Pre- 
cautions to exclude contamination during the col- 
lection of CSF samples included the use of gamma- 
irradiated tubes, and performing the PCR reactions in 
a room separate from that used to treat the samples. 
Another hypothesis to explain these results could 
be that a PCR-positive signal, i.e. the presence of 
bacterial DNA, is associated with a high leukocyte 
count. Therefore, we tested CSFs from nine cases with 
established viral meningitis by P C R  under the sanie 
conditions and never obtained a positive signal (data not 
shown). 
Signals were obtained from aseptic meningitis 
samples only after 25 cycles of amplification, whereas 
culture-positive specimens regularly produced visible 
bands after 20 cycles. This might imply tha t  the 
difficulty of culture simply stems from a lower number 
of bacteria. If the efficiency of amplicatiori is similar to 
that of reference species ( E .  cok or S. aureiis), at least lo3 
CFU/mL would be expected to be present in the 
samples. An inoculuin of 100 pL would then contain 
some 10’ bacteria, which should be easily detectable by 
culture. It is therefore inore likely tha t  the bacteria 
present in the CSF from aseptic meningitis patients 
have particular growth requirements. They might need 
factors absent even from the highly-enriched media 
used, or, more likely, be inhibited by this richness. 
Environmental bacteria have been observed to grow 
poorly or not at all on enriched media, and recently 
bacteria from clinical samples have been shown to share 
this characteristic. Oligotrophs, mostly Klcbsiclla pncu-  
rnouiae and Pseudonzonas aeruxinosa, can be found i n  
clinical material, especially drainage (23%) and sputum 
(15%), and many of theni were obligate oligotrophs 
incapable of growth on conventional media [ 121. 
Comparison of the sequences we have obtained 
from six cases of aseptic meningitis with reference 
sequences suggests that three of theni have affinities 
with Pseudornonas putida, one with Rhodoroccus erythropolis 
and two with the genus Escherickia. These are not 
Figure 1 Southern blot hybridizdtion of PCK products. 
CSF from culture-negative meningitis after 25 cycles of 
I’CR, lanes 1 to 9 and 13, or after 20 cycles of PCR, l a n e  
11 and 12, PCR-negative controls (HzO), lanes 10 and 15; 
human placental DNA after 25 cycles of l’CR, lane 14. 
CSF or eukaryote DNA controls produced any signal 
(Figure 1). 
The presence of bands after only 20 cycles of 
amplification in culture-positive CSF suggests that they 
contain at  least los CFU/mL of bacteria, whereas the 
‘aseptic meningitis’ samples which gave positive 
amplification only after 25 cycles might contain lo3 to 
10’ CFU/niL. In order to identify the possible bacteria 
present, the amplified bands from three samples (about 
1400 bp in length) were cloned onto a vector in E.  coli 
and entirely sequenced. The sequences obtained were 
compared with known bacterial 16s rRNA sequences. 
Two cases showed a close homology to Pseudornonas 
putida, one being very near to the published sequence, 
and the other somewhat more divergent. The third 
sequence is very similar to the published sequence of 
R k o d o ~ ( ~ c ~  cvytkvopolis. The CSF from the other 
patients being totally exhausted during the P C R  
procedures, the above findings were confirmed on a 
small sample of three CSF specimens from more recent 
cases of aseptic meningitis. The specimens were again 
culture and Gram negative, and gave P C R  signals only 
after 25 but not 20 cycles. The 16s rRNA bands 
obtained could be sequenced, and were found to be 
related to Pseudonzorm (1) and to Esrkcvickia (2). 
DISCUSSION 
Kecent advances in niolecular phylogeny have provided 
novel means for the identification of bacteria without 
the need for culture. Ribosomal RNAs from pro- 
karyotes are clearly distinct from their eukaryote 
counterparts, and have well-conserved regions, permit- 
ting the design of universal primers for P C R  
amplification of their corresponding DNA genes. The 
amplified fragments, which in this case include alniost 
the entire rRNA sequence, contain a number of sites 
with significant variation between bacterial taxa and so 
allow identification of unknown bacteria by phylo- 
genetic comparisons. The approach has been success- 
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typically expected to be human pathogens, and in the 
case of aseptic meningitis it is difficult to apply the 
criteria of Wilson (reproducibility of the detection, 
corroboration by microscopy or serologic studies) [ll] 
to the likelihood that they may be causative. The 
constant presence of DNA capable of giving a positive 
PCR signal in CSF from meningitis patients, but not 
in that from bacterial-free meningitis controls, may be 
taken in conjunction with the general observation that 
there is no significant clinical or biological difference 
between culture-positive and 'aseptic' meningitis cases. 
It  seems therefore likely that at  least some cases of 
postoperative aseptic meningitis are due to the noso- 
comial introduction of fastidious environmental bacteria 
during surgery. 
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